Introduction
============

Globally, more than a quarter of all mortality can be attributed to coronary heart disease (CHD). [@OR_1] India has witnessed a fourfold rise in the prevalence of coronary artery disease (CAD) in the past 40 years. [@JR_2] This has been ascribed to factors such as rapid urbanization and lifestyle changes due to epidemiologic transitions. With the disease having assumed epidemic proportions, clinicians and researchers are emphasizing primary and secondary prevention and treatment using both conventional and innovative strategies. [@JR_3]

The role of personality factors in mediating vulnerability to CHD first came into focus nearly 60 years ago. Primarily propelled by the seminal work of Friedman and Rosenman, [@JR_4] much of the work in this area initially focused on Type A personality. [@JR_5] [@JR_6] Subsequent research, however, failed to show a robust association of Type A personality with outcomes in CHD. [@JR_7] [@JR_8] On the other hand, accumulating evidence pointed to a key role for broader psychosocial variables such as anxiety, depression, social isolation, and stress. [@JR_9] [@JR_10] [@JR_11] [@JR_12] [@JR_13]

Type D (distressed) personality was formulated by Denollet, [@JR_14] in response to this growing body of evidence implicating negative affectivity (NA) such as depression and traits, such as social isolation, in the pathogenesis of CHD. Its taxonomy is based on a mixture of two relatively constant yet distinct factors---NA besides social inhibition (SI). Such persons have a consistent predisposition to undergo negative emotions (including depression, anxiety, anger, and hostility) across time and situations and also experience discomfort and insecurity in social situations. Further, they have a tendency to filter their emotional and social expression so as to avoid censure.

A fair amount of evidence links Type D personality to negative outcomes including mortality, emotional and behavioral sequelae (anxiety and depression), as well as impaired quality of life in CHD patients. [@JR_15] [@JR_16] [@JR_17] However, there have been some conflicting reports too which suggested no association between Type D personality and absolute incident CHD risk among older adults without clinical features of CHD at intake. [@JR_18] Given the strength of evidence linking Type D personality to poor outcomes in CHD, the availability of a short and convenient instrument to measure Type D scale (DS-14), and the high prevalence and more aggressive nature of CHD among ethnic South Asians, [@JR_19] there seems to be a compelling case to study the prevalence and determinants of Type D among Indians with CHD about which there is little literature so far. This would give vital information about the extent of influence of personality, which may presumably vary across cultures, on CHD in the Indian setting. It would also, potentially, inform practical and innovative treatment strategies aimed at modifying long-term outcomes in CHD. Hence, our objective was to determine the frequency and correlates of Type D personality among a hospital-based sample of survivors following acute myocardial infarction (AMI).

Methods
=======

Setting and Design
------------------

This was a cross-sectional study performed at a government medical college in Puducherry, South India, between August 2016 and December 2017. The centrally funded institution provides highly subsidized treatment to patients. Most service users are from Puducherry or nearby regions of Tamil Nadu. All patients with AMI are admitted in the cardiology and coronary care unit of the hospital. After stabilization, they are transferred to the ward from where they are eventually discharged.

Subjects and Methods
--------------------

We included participants aged between 18 and 65 years who had a history of AMI (both ST elevation MI and non-ST elevation MI) diagnosed by a cardiologist. We excluded participants with psychosis and those who were unfamiliar with the local language (Tamil) or English. All consecutive patients presenting with AMI during the period of study were screened and those fulfilling the above criteria ( *n* = 200) were selected for the research. All study participants gave written informed consent.

Assessments
-----------

We used a semistructured data sheet to collect pertinent sociodemographic and clinical details. This proforma also covered all the known CHD risk factors (such as diabetes, hypertension, smoking, and dyslipidemia). For diagnosis of metabolic syndrome (MetS), we used the International Diabetes Federation criteria, [@OR_20] which requires a patient to have central obesity (defined as waist circumference of ≥80 cm for women and ≥90 cm for men among Asians) plus any two out of reduced high-density lipoprotein cholesterol, raised triglyceride, raised blood pressure, or raised fasting plasma glucose or any specific treatment for any of these abnormalities. Waist circumference was assessed using the National Institutes of Health protocol using an anthropometric tape. Body mass index was computed as weight (in kilograms) divided by height (in meter square).

Subsequently, all participants were also assessed on the following instruments:

1.  DS-14 for Type D personality---This is the most widely used self-administered instrument for measuring Type D personality. [@JR_14] All scale items (14) are scored on a 5-point Likert scale. The scale yields two subscale scores ranging from 0 to 28, namely SI and NA. Developers have suggested a cutoff of ≥10 on both the subscales to diagnose Type D personality. We used a Tamil translated version of the DS-14 questionnaire following the guidelines suggested by the World Health Organization (WHO) for translating research tools [@OR_21]

2.  Presumptive Stressful Life Events Scale---A 51-item self-administered scale which is specifically developed and validated for the Indian culture. [@JR_22] The scale items are adapted from the larger Holmes and Rahe instrument. [@JR_23] Both desirable and undesirable life events are included. For the present study, we used the sum of stressful events reported during the last 1 year

3.  Coping Strategies Inventory Short Form---The scale has 16 items and is adapted from the larger 78-item scale. [@JR_24] The scale seeks to tap individual coping responses to stressful situations. The reported strategies are first grouped into either emotion-focused or problem-focused coping; both these are further subclassified into engagement or disengagement form of coping. In this way, the instrument generates four subscale scores, each of which was analyzed separately.

4.  Hospital Anxiety and Depression Scale (HADS)---A short, simple, easy to use screening instrument primarily devised to measure anxiety and depression in general medical population of patients. [@JR_25] The scale has 14 items, 7 items each for anxiety and depression. We used the depression and anxiety subscale scores as continuous variables for the present study.

5.  World Health Organization Quality of Life (WHO-QOL) --- BREF---This instrument is drawn from the larger World Health Organization Quality of Life - BREF (WHOQOL-BREF)26 and comprises [@JR_26] items that assess respondent satisfaction in four areas over the past 1 month: physical, psychological, social, and environmental health. Higher scores indicate better quality of life. Guidelines are available for converting scores in the individual domains to a more linear scale measuring 0 to 100. This transformed score of each domain was used as a dependent variable. Domain-wise Cronbach\'s α values were 0.82, 0.79, 0.67, and 0.78 for physical, psychological, social, and environmental domains, respectively, indicating acceptable internal consistency.

6.  Multidimensional Scale of Perceived Social Support---This is a widely used measure [@JR_27] for subjectively assessed social support. The self-report measure has 12 items. Family, friends, and significant others are the three support sources assessed using the measure. Accordingly, the scale yields three subscale scores indicating the perceived magnitude of support from each of these sources. The scale has robust psychometric properties and acceptable internal consistency (Cronbach\'s α ranges from 0.81 to 0.98). We analyzed and used three subscale scores separately.

All the above instruments were applied only once at baseline, by the same rater. The research was approved by the Institute Ethics Committee.

Statistical Analysis
--------------------

SPSS Inc. (Released 2008, SPSS Statistics for Windows, Version 17.0. Chicago, United States) was used for data analysis. Means with standard deviations or frequencies and percentages as appropriate were used to summarize continuous and discrete data, respectively. For comparison of variables between groups, Student\'s *t* -test or Mann-Whitney U-test and chi-square test were employed. To identify independent predictors of Type D personality, a multivariable analysis using generalized linear model (Poisson regression with robust variance estimator) was employed to model outcome data and yield conservative estimates of outcomes. We did not perform binary logistic regression as Type D personality was not a rare outcome in our sample, and in such cases, this approach tends to overestimate odds ratios. A two-tailed *p* -value of \< 0.05 was considered significant. Statistical correction was not considered for multiple hypothesis testing as this was an exploratory work.

Results
=======

Sample Description and Frequency of Type D
------------------------------------------

Age of included participants ( *n* = 200) ranged between 21 and 65 years. The mean (standard deviation) age was 55.0 (12.1) years. Comorbid diabetes was present in 63 patients (31.5%), while 59 (29.5%) were suffering from concurrent hypertension. Alcohol use was reported by 82 (41%) patients while 93 (46.5%) were smokers. Type D personality was present in 48 (24%) participants. Other demographic and clinical parameters are presented in [Table 1](#TB_1){ref-type="table"} .

###### Baseline sociodemographic characteristics

  Variable                             Mean (SD) or frequency (%)
  ------------------------------------ ----------------------------
  Age                                  55.0 (12.1)
  Gender (%)                           
  Male                                 142 (71.0)
  Female                               58 (29.0)
  Education (%)                        
  Less than or equal to 10th grade     168 (84)
  More than 10th grade                 32 (16)
  Occupation (%)                       
  Unemployed                           109 (54.5)
  Employed                             91 (45.5)
  Marital status (%)                   
  Single                               27 (13.5)
  Married                              173 (86.5)
  Past history of CAD (%)              
  Yes                                  11 (5.5)
  No                                   189 (94.5)
  Family history of hypertension (%)   
  Yes                                  62 (31)
  No                                   138 (69)
  Diagnosis (%)                        
  NSTEMI                               36 (18)
  STEMI                                164 (82)
  Metabolic syndrome (%)               
  Yes                                  75 (37.5)
  No                                   125 (62.5)
  Type D personality (%)               
  Yes                                  48 (24)
  No                                   152 (76)

Sociodemographic and Clinical Correlates of Type D Personality
--------------------------------------------------------------

AMI patients with concurrent Type D personality were noted to be significantly younger, employed, and married, with a higher body mass index and a significantly greater family history of hypertension. None of the other variables differentiated the two groups ( [Table 2](#TB_2){ref-type="table"} ).

###### Sociodemographic and clinical variables between acute myocardial infarction patients with and without Type D personality

  Variable                         AMI with Type D ( *n* = 48), n (%)   AMI without Type D ( *n* = 152), n (%)   Comparison ( *p* -Value)
  -------------------------------- ------------------------------------ ---------------------------------------- -------------------------------
  Age                              43.4 ± 5.9                           58.6 ± 11.2                              t = 9.014 (\<0.001) ^a^
  Gender                                                                                                         
  Male                             34 (70.8)                            108 (71.1)                               χ ^2^ = 0.977 (1.000)
  Female                           14 (29.2)                            44 (28.9)                                
  Education                                                                                                      
  ≤10th grade                      32 (66.7)                            136 (89.5)                               χ ^2^ = 0.015 (0.902)
  \> 10th grade                    16 (33.3)                            16 (10.5)                                
  Occupation                                                                                                     
  Unemployed                       15 (31.2)                            94 (61.8)                                χ ^2^ = 13.768 (\< 0.001) ^a^
  Employed                         33 (68.8)                            58 (38.2)                                
  Marital status                                                                                                 
  Single                           2 (4.2)                              25 (16.4)                                χ ^2^ = 4.711 (0.030) ^a^
  Married                          46 (95.8)                            127 (83.6)                               
  Diagnosis                                                                                                      
  NSTEMI                           9 (18.8)                             27 (17.8)                                χ ^2^ = 0.024 (0.887)
  STEMI                            39 (81.2)                            125 (82.2)                               
  BMI                              26.7 ± 2.4                           24.5 ± 3.7                               t =--3.819 (\< 0.001) ^a^
  Metabolic syndrome                                                                                             
  Yes                              30 (62.5)                            95 (62.5)                                χ ^2^ = 0.000 (1.000)
  No                               18 (37.5)                            57 (37.5)                                
  Alcohol use                                                                                                    
  Yes                              18 (37.5)                            64 (42.1)                                χ2 = 0.320 (0.572)
  No                               30 (62.5)                            88 (57.9)                                
  Smoker                                                                                                         
  Yes                              25 (52.1)                            68 (44.7)                                χ ^2^ = 0.791 (0.374)
  No                               23 (47.9)                            84 (55.3)                                
  Family history of hypertension                                                                                 
  Yes                              28 (58.3)                            34 (22.4)                                χ ^2^ = 22.060 (\<0.001) ^a^
  No                               20 (41.7)                            118 (77.6)                               

Scale Scores and Metabolic Syndrome Components between Groups
-------------------------------------------------------------

Participants with AMI and Type D endorsed higher ratings on both anxiety and depression subscales of HADS. This group had also experienced greater number of stressful life events in the last 1 year and reported higher trait neuroticism scores. Subscale scores on all four domains of coping and quality of life were also significantly lower for participants having Type D personality. The Type D group also reported lower levels on all three subscales of perceived social support. Among the MetS components, the only difference between the groups was the greater systolic blood pressure ratings among the Type D-positive group ( [Table 3](#TB_3){ref-type="table"} ).

###### Scale scores and metabolic syndrome components between acute myocardial infarction patients with and without Type D personality

  Variable                        AMI with Type D( *n* = 48)   AMI without Type D( *n* = 152)   Comparison ( *p* -Value)
  ------------------------------- ---------------------------- -------------------------------- ------------------------------
  HADS anxiety                    1.7 ± 0.4                    0.2 ± 0.4                        *U* = 204.00 (\< 0.001) ^a^
  HADS depression                 0.9 ± 0.5                    0.2 ± 0.4                        *U* = 713.00 (\< 0.001) ^a^
  Neuroticism score               8.7 ± 1.2                    2.6 ± 1.8                        *U* = 28.00 (\< 0.001) ^a^
  PSLES number of events          7.0 ± 2.2                    4.2 ± 1.5                        *U* = 1125.00 (\< 0.001) ^a^
  CSI-SF                                                                                        
  Problem-focused engagement      9.3 ± 4.2                    15.3 ± 2.7                       *U* = 1092.00 (\<0.001)a
  Problem-focused disengagement   9.1 ± 2.7                    12.8 ± 2.1                       *U* = 1086.50 (\<0.001) ^a^
  Emotion-focused engagement      10.0 ± 2.1                   12.9 ± 1.8                       *U* = 1022.00 (\<0.001) ^a^
  Emotion-focused disengagement   7.8 ± 1.8                    13.5 ± 2.6                       *U* = 476.00 (\<0.001) ^a^
  WH0QoL-BREF                                                                                   
  Physical domain                 41.7 ± 4.4                   58.3 ± 7.1                       *U* = 191.00 (\<0.001) ^a^
  Psychological domain            47.6 ± 9.3                   63.0 ± 8.6                       *U* = 753.00 (\<0.001) ^a^
  Social domain                   26.6 ± 14.5                  63.9 ± 12.5                      *U* = 343.00 (\<0.001) ^a^
  Environmental domain            57.0 ± 12.6                  69.9 ± 6.9                       *U* = 1294.00 (\<0.001) ^a^
  MDSPSS                                                                                        
  Family                          14.5 ± 4.5                   21.4 ± 3.1                       *U* = 1015.00 (\<0.001) ^a^
  Friends                         12.5 ± 2.2                   20.7 ± 2.4                       *U* = 24.50 (\<0.001) ^a^
  Significant others              13.5 ± 1.9                   20.1 ± 3.3                       *U* = 486.50 (\<0.001) ^a^
  Systolic BP                     121.4 ± 13.4                 116.1 ± 16.1                     *U* = 2955.00 (0.045) ^a^
  Diastolic BP                    76.2 ± 7.8                   75.8 ± 9.3                       *U* = 3471.50 (0.611)
  Fasting sugar                   126.7 ± 57.1                 112.5 ± 37.2                     *U* = 3150.50 (0.154)
  Central obesity, *n* (%)                                                                      
  Yes                             34 (70.8)                    105 (69.1)                       χ ^2^ = 0.053 (0.818)
  No                              14 (29.2)                    47 (30.9)                        
  Hypertriglyceridemia, *n* (%)                                                                 
  Yes                             41 (85.4)                    125 (82.2)                       χ ^2^ = 0.261 (0.609)
  No                              7 (14.6)                     27 (17.8)                        
  HDL status, *n* (%)                                                                           
  Low                             36 (75.0)                    131 (86.2)                       χ ^2^ = 3.312 (0.069)
  High                            12 (25.0)                    21 (13.8)                        

Predictors of Type D Personality
--------------------------------

Poisson regression was performed using two sequential models with six and eight covariates, respectively. The first model was adjusted for six variables, namely age, occupation, depression scores, body mass index, problem-focused engagement subscale scores, and family support subscale scores. In the next model, apart from the aforementioned variables, we also additionally adjusted for family history of hypertension and neuroticism scores. In both the models, the results were similar (pseudo R2 = 0.41 and 0.42, respectively, for the six and eight variable models), and only three variables, namely age, depression, and family subscale of perceived social support, emerged as independent predictors of Type D. Output of the regression model with six covariates are shown in [Table 4](#TB_4){ref-type="table"} .

###### Poisson regression to identify predictors of Type D personality among acute myocardial infarction survivors

  Variable ^a^      Prevalence ratio   95% CI         *p* -Value
  ----------------- ------------------ -------------- -------------
  Age               0.950              0.927--0.974   \<0.001 ^b^
  Occupation        1.058              0.722-1.550    0.774
  HADS-depression   1.372              1.216--1.548   \<0.001 ^b^
  BMI               0.985              0.936-1.037    0.579
  PFE               0.942              0.869-1.021    0.144
  MDSPSS-family     0.898              0.849-0.949    \<0.001 ^b^

Discussion
==========

We found that nearly a quarter (24%) of participants with AMI were positive for Type D. Further, lower age, higher depression scores, and lower levels of perceived family support were independently associated with Type D personality among those with AMI. Prior research has shown considerable variations in proportions of Type D in CHD with figures ranging from 14 to 35.9%. In one of the earliest such studies, de Jonge et al [@JR_28] noted a prevalence rate of 18.7% for Type D among MI patients. More recently, Vukovic et al [@JR_29] found that 34.2% of inpatients with CAD qualified for Type D personality.

Our numbers closely tally with other Asian studies from Korea [@JR_30] and China, [@JR_31] which reported prevalence figures of 26.1 and 31.4%, respectively, for Type D personality in CAD. These differences in prevalence rates may be attributed to two factors, namely the nature and disposition of the sample including age and gender distribution and cultural variations in response patterns as has been pointed out earlier. [@JR_32] Our sample mainly consisted of males, among whom overt expression of emotions and feelings is discouraged in the largely patriarchal Indian culture. [@JR_33] Hence, their responses may have been more measured, which may have led to lower prevalence rates of type D noted in the present study. It also lends credence to the viewpoint of earlier researchers who have emphasized the need to evolve culture-specific cutoffs for DS.

We found that, apart from elevated systolic blood pressure and higher body mass index, none of the traditional cardiovascular risk factors differed between the two groups. These findings are consistent with the literature [@JR_34] [@JR_35] and suggest that the impact of Type D construct on cardiac health indices in participants with CAD is not mediated through alterations in medical risk factors. On the other hand, neuroinflammation and hypothalamic--pituitary--adrenal axis hyperactivity may mediate the link between Type D personality construct and CAD. [@JR_36]

Type D personality in CAD correlated with elevated levels of psychological variables such as stress, anxiety, and depression. While this tallies with the available literature, [@JR_37] [@JR_38] evidence also suggests that Type D and depression may represent distinct but overlapping forms of distress. [@JR_39] One can conclude that Type D may be a marker for potential psychological distress in CAD patients. CAD patients who also had concurrent Type D personality preferentially used emotion-focused coping strategies over problem-focused coping. However, coping styles did not remain significant in multivariable analysis. Only younger age, higher depression, and lower levels of perceived social support predicted Type D personality in our sample. Prior research, aimed at determining unique coping styles of CAD patients with Type D, has been inconclusive. [@JR_40]

Taken together, it appears plausible that people with Type D personality may put themselves more at risk of experiencing stressful situations through their unique personality attributes. The effect of stress is compounded in these individuals by the use of maladaptive coping and poor social support. The resultant biological changes induced by the stressful experience, such as hypercortisolemia and inflammation, may contribute to the poorer clinical trajectories of Type D-positive CAD participants. Future longitudinal studies are required to support this hypothesis.

In our sample, there was no contrast between Type D and non-Type D groups on most components of MetS, except for elevated systolic blood pressure in Type D group. Few studies have examined this association in CAD participants, and to the best of our knowledge, no comparable data are available from Asian settings. Prior studies, on medical as well as nonmedical populations, [@JR_41] [@JR_42] [@JR_43] noted a higher risk of MetS among participants with Type D. Significantly, none of these studies included CAD participants, and hence, the data are not directly comparable. Vukovic et al, who studied associations among Type D and MetS in participants with clinically stable CAD (including angina pectoris as well as MI), found that hypercholesterolemia, hypertriglyceridemia, and hypertension were more common in Type D participants. [@JR_29] Our study may have been underpowered to detect significant differences in MetS components between groups. Larger studies are clearly needed to elucidate the nature of association between personality factors and metabolic risk factors for CAD.

Our study findings need to be interpreted keeping its limitations in mind. First, this was a facility-based study performed among patients with AMI at a tertiary care center, and these results may not necessarily extend to other settings and presentations of CHD. Second, no causal inferences can be made among Type D and CAD owing to the cross-sectional nature of the study. Third, the absence of a control group precludes comparisons with rates of Type D among the general public. Nevertheless, to our knowledge, this is the first systematic effort aimed at assessing Type D construct among Indian patients with MI. Our findings extend the relevance of Type D construct to the Indian culture and setting. Our findings also add to the limited literature on the connection between MetS components and Type D personality in CHD. Ethnically, South Asians have a higher vulnerability to CAD. [@JR_19] Further, there is robust evidence linking Type D personality with adverse outcomes following CAD independent of several known risk factors such as hypertension and disease severity. [@JR_44] Taken together with our findings, we recommend further investigation of the potential etiological contribution of Type D personality in causation of MI. We also recommend evaluating broad-based interventions, also targeting personality attributes in MI patients, such as cardiac rehabilitation programs, for which there is some preliminary evidence. [@JR_45] [@JR_46]

Conclusion
==========

A significant percentage of participants attending a tertiary care hospital for AMI concurrently have Type D personality in our setting. Such individuals are more likely to be younger and more depressed and perceive less social support from traditional sources like the family. Detecting Type D in CAD may have important clinical and research implications, particularly among South Asians. Future research must examine the mechanisms linking Type D personality and CAD which may, potentially, yield new treatment targets to favorably modify the prognosis of these individuals.
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